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WIND TUNNEL TEST OF THE 0.010-SCALE 
SPACE SHUTTLE INTEGRATED VEHICLE IN THE 
NASA-AMES 3- 5 -FOOT HYPERSONIC WIND TUNNEL (IA10) 

By 

P. P. Fitzgerald and M. T. Petrozzi/Rockwell International 
J. W. Cleary and J. A. Mellenthin/NASA Ames 

ABSTRACT 
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Experimental aerodynamic investigations were conducted In the NASA 
Ames Research Center 3* 5 -Foot Hypersonic Wind Tunnel from August 1, 1973 
to August 3, 1973 on a 0. 010-scale model of the Space Shuttle Vehicle 
orblter and external tank (model no. 32 OT). 

The purpose of the test vas to evaluate the basic hypersonic stabi- 
^ ‘ ll ty characteristics £>f the external tank and orblter and to define orbi- 
ter plume effects aero cha/Acteristi q/ using' soJjLd-plymes. » 

The test vas conducted at angles of attack from -10° 
angles of sideslip of -10° thru 10°. Six component force 
base pressures were recorded during the test. 
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NOMENCLATURE 

General 


SYMBOL 

PLOT 

SYMBOL 

DEFir.MON 

a 


speed of sound; m/sec, ft/sec 

°p 

CP 

p."er,sur.i coefficient; (p.^ - p w )/q 

M 

MACH 

Mach number; V/a 

P 


o 

pressure; N/m , psf 

<1 

Q(NSM) 

dynamic pressure; 1/2PV 2 , N/m 2 , psf 

RN/L 

RN/L 

unit Reynolds number; per m, per ft 

V 

i 

velocity; m/sec, ft /sec 

a 

ALPHA 

angle of attack, degrees 

0 

BETA 

argle of sideslip, degrees 

♦ 

PSI 

angle of yaw, degrees 

♦ 

PHI 

angle of roll, degrees 

P 


mass density; kg/m , slugs /ft 


Reference & C.G. Definitions 

c.g. 


center of gravity 

AffiF 

LREF 

reference length or ving mean aerodynamic 
chord; m, ft 

S 

SREF 

2 2 

wing area or reference area; m , ft 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference po^nt on Y axis 

*>» 


ZMRP 

I ' , * . * 

moment reference point on Z axis 
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NOMENCLATURE (Continued) 


SUBSCRIPTS 


b 


ba3e 

1 


local 

s 


static conditions 

t 

Plot 

total conditions 
free stream 

Body-Axis System 

Symbol 

Symbol 

Definition 

% 

CN 

normal-force coefficient; normal force/qS 

c A 

CA 

4 

axial-force coefficient; axial force/qS 

Cy 

CY 

side-force coefficient; iide force/qS 

Cm 

cm 

pitching-moment coefficient; pitching moment/qS i 

C n 

CYN 

yawing-moment coefficient; yawing moment/qS t 

H 

CBL 

rolling-moment coefficient; rolling moment/qS t 
Stability-Axis System 

C L 

CL 

lift coefficient; lift/qS 

c D 

CD 

drag coefficient; drag/qS 

l/d 

L/D 

lift-to-drag ratio; 
ADDITIONS TO NOMENCLATURE 

% 

cn/a 

local normal force coefficient derivative with 

“local 


alpha; per degree. 

Cm_ 

cim/a 

local pitching moment coefficient derivative with 

“local 


alpha; pev degree. 


xac/l 

local longitudinal center of pressure. 


6 


MCMENCLAHJRE (Continued) 


Plot 

Symbol Definition 

DCY/DA side force coefficient derivative with respect 

to total aileron deflection. Algebraic difference 
of the side force coefficients of two runs divided 
by the algebraic difference of the total aileron 
deflection angle of the runs; per degree. 

DCBLDA rolling moment coefficient derivative with respect 

to total aileron deflection. Algebraic difference 
of the rolling moment coefficient of two runs 
divided by the algebraic difference of the total 
aileron deflection angle of the runs; body axis 
system; per degree. 

DCXNDA yawing moment coefficient derivative with respect 
* to total aileron deflection. Algebraic difference 

of the yawing moment coefficient of two runs divided 
by the algebraic difference of the total aileron 
deflection angle of the runs; body axis system; per 
degree 

LCN/DA normal force coefficient derivative with respect 
to aileron deflection. Algebraic difference of 
normal coefficient of two runs divided by the alge- 
braic difference of the total aileron deflection of 
the runs; body axit system; per degree. 

DCIMDA pitching moment coefficient derivative with respect 
to aileron deflection. Algebraic difference of 
pitching moment coefficient of two runs divided by 
the algebraic difference of the total aileron 
deflection of the runs; body axis system; per degree. 

DCA/dA axial force coefficient derivative with respect to 
aileron deflection. Algebraic difference of axial 
force of two runs divided by the algebraic difference 
of total aileron deflection of the runs; body axis 
system; per degree. 

DCl/DB side force coefficient derivative with respect to 
beta. Algebraic difference of the side force coef- 
ficient of two runs divided by the algebraic dif- 
ference of the side slip angle of the runs; per 
degree. 


* 
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NOMENCLATURE (Continued) 


Symbol 

% 





^n 


h 



Ot 


ir 


Plot 

Symbol Definition 

DCBLDB rolling moment coefficient derivative with respect 

to beta. Algebraic difference of the rolling moment 
coefficient of two runs divided by the algebraic 
difference of the side slip angle of the runs; body 
axis system; per degree. 

DCYNDB yawing moment coefficient derivative with respect 

to beta. Algebraic difference of the yawing moment 
coefficient of two runs divided by the algebraic 
difference of the side slip angle of the runs; per 
degree. 

DCN/eR normal force coefficient derivative with respect to 
rudder deflection. Algebraic difference of normal 
• force coefficient of two runs divided by algebraic 

difference of rtn ier deflection of two runs; per 
degree. 

DCY/DR side force coefficient derivative with respect to 

rudder deflection. Algebraic difference of the side 
force coefficient of two runs divided by the alge- 
braic difference of the rudder deflection angle 
of the runs; body axis system; per degree. 

DCYNDR yawing moment coefficient derivative with f'f 

to rudder deflection. Algebraic difference • f the 
yawing moment coefficient of two runs divide:' 1 , by 
the algebraic difference of the rudder deflection 
angle of the runs; body axis system; per degree. 

DCBLDR rolling movant coefficient derivative with respect 
to rudder deflection. Algebraic difference of the 
rolling moment coefficient of two runs divided by 
the algebraic difference of the rudder deflection 
angle of the runs; body axis system; per degree. 

DCA/DR axial force coefficient derivative with respect 

to rudder deflection. Algebraic difference of axial 
force coefficient of two runs divided by the alge- 
braic difference of rudder deflection of two runs; 
per degree. 
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NOMENCLATURE (Continued) 


Symbol 

Plot 

Symbol 

Definition 


DCItfDR 

pitching moment coefficient derivative with respect 
to rudder deflection. Algebraic difference of pitch- 
ing moment coefficient of two runs divided by alge- 
braic difference of rudder deflection of two runs; 
per degree. 


yac/l 

lateral, center of pressure. Yawing moment coef- 
ficient derivative divided by side force coef- 
ficient derivative. 

Ca «* 0 

CAAPO 

axial force coefficient at zero angle of attack 
(ALPHA = 0). 

pN_ n 

a 0 

CNAFO 
» - 

normal force coefficient at zero angle of attack 
(ALPHA = 0). 

A 

0 S 0 

CIMAFO 

pitching moment coefficient at zero angle of attack 

(alpha = 0). 

<e L 


left eleven surface deflection angle, positive 
deflection trailing edge down; degrees. 

* e R 


right elevon surface deflection angle, positive 
deflection trailing edge down; degrees. 

ie 

ELEVON 

elevon, surface deflection angle, positive 
deflection trailing edge down; degrees, 

+ ^ep)/^* 

*a 

AILRON 

aileron, surface deflection angle, positive 
deflection trailing edge down; degrees 

(* ejj + 4 en)/2* 

«r 

RUDDER 

rudder, surface deflection angle, positive 
deflection trailing edge to the left; degrees. 

a bc 


external tank balance cavity area, 3*999 in 2 . 

a et 


external tank base area, 4.255 in 2 model scale. 
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NOMENCLATURE (Concluded) 


0 


Plot 


Symbol 

Symbol 

Definition 

ame 


orbiter main engine nozzle base area, 2.081 in 2 
model scale. 

Aob 


orbiter base area, 2.010 in 2 model scale. 

Aom 


OMS pod base area, I.362 in 2 model scale. 

% 

CAB 

orbiter base axial-force coefficient. 

° Ab ET 

CABET 

external tank base axial-force coefficient. 

c Pbc 

CPBC 

external tank balance cavity pressure coefficient 

Cp ET 

CPET 

external tank base pressure coefficient. 

C P0B 

CPOB 

orbiter base pressure coefficient. 

c pqm 

CPCM 

OMS pod base pressure coefficient. 

c pme 

CIME 

main engine nozzle base pressure coefficient. 
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CONFIGURATIONS INVESTIGATED 


The model for this test vas an 0.010-scale representation of the 
Space Shuttle Vehicle configuration 3 Space Shuttle (model no. 32 OT). 

The model consisted of the orbit er, external tank and simulated engine 
plumes. The model was constructed of stainless steel except the orbiter 
"body which was constructed of aluminum. 

A six component 1.5-inch MK II balance was mounted in the external 

tank. 

The model was tested with and without non-metric main engine solid 
exhaust plume simulators. Figure 2(c) shows the model with plume Simula- 

4T 

tion installed. 

The various model components tested are listed below: 

°9 S B 19 C 7 E 23 P 5 M U N 2 l» N 8 R 5 V 7 W 10 7 
B = VL 70 - 000139B (lines) body 

* VL70 - 000139B (lines) canopy 

E 23 " VLT ° “ 0001 39B (lines) elevon 

F_ « VL70 - 000139B (lines) body flap 

5 

= VL70 - 000139B (linen) CMS pod 

N 2 i* * VB7 0 - OOOlUOA (lines) main engine nozzle 

Nq = VL70 - OOOlUOA (lines) OMS nozzle 

R 5 * VL70 - 000139B and VL70 - 000095 rudder 
V^ * VL70 - 000139B (lines) vertical tail 
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W 107 * VL70 - 000139B (lines) wing 

T 1q * VL78 - 000041 (lines) external tank 

ATg * VL72 - 000089 (lines) attach structure 

Base pressure data acquired during runs 1 thru 6 are invalid. I’ygon 
tubing, used in measuring these pressures was melted by the tunnel heat 
during these runs. Prior to run five two external pressure tubes were 
added. The location of these pressure tubes is shown in figure 2(b) . 

p 

Pressure tap #16 has an area value of 4.378 in and pressure tap 

p 

#17 has an area value of 2.010 in . Subsequent to run 006 tygon tubing 
was replaced, in,.the orbiter, with a high temperature resistant flexible 
tubing. With the exception of tap #4 which was inoperative, the data 
acquired from that time to the end of the run series are considered re- 
liable. 




TEST FACILITY DESCRIPTION 


The NASA -Ames 3. 5 -Foot Hypersonic Wind Tunnel is a closed-circuit, 
blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to 1800 psia and temperatures to 3400°R for run times 
to four minutes. The major components of the facility include a gas storage 
system where the test gas is stored at 3000 psi, a storage heater filled 
with aluminum-oxide pebbles capable of heating the test gas to 3400°R, 
axisymmetric contoured nozzles with exit diameters of 42 inches for gener- 
ating the desired Mach number, and a 900,000 ft^ vacuum storage system 
•which operates to pressures of 0.3 psia. The test section itself is an 
open-jet type enclosed within a chamber approximately 12-feet in diameter 
and 40-feet in length, arranged transversally to the flow direction. 

A model support system is provided that can pitch models through an 
angle -of -attack range of *20 to +18 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37-inches from tunnel 
centerline) until the tunnel test conditions are established after which 
it is inserted. Insertion time is adjustable to as little as l/2 second 
and models may be inserted at any strut angle. 

A high-speed, analc^-to-digitai data acquisition s^ofcem is used to 
record test data on magnetic tape. The present system is equipped to mea- 
sure and record the outputs from 80 transducers in addition to 20 channels 
of tunnel parameters. 
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DATA REDUCTION 


O 


The aerodynamic force data presented were measured by the Task 
Corporation 1.5- inch MK II strain gage balance and the moment data were 
transferred to the external tank centerline at a point 6.80 in (model 
scale) from the tank nose. 

Base pressure axial— force coefficients were calculated for the indi- 
vidual regions as follows: 

1. Orbiter Base Axial Force 



2. External Tank Base Axial Force 

C, * - (ApmC + Ag-C )/S 
V ^ p BC 

2 \ 

where S is the theoretical wing area (0.269 ft model scale). 

These base pressure axial-force coefficients were calculated and 
plotted but were not used to correct the measured axial-force coefficient 
data. 

The following reference dimensions were used for data reduction: 


Symbol 

Description 

Value 

(model scale) 

Applicable 

Data 


Orbiter main engine noz 2 le 
base area 

2.081 in 2 

Pressure tap nos. 
3 and 4 

A 0B 

Orbiter base area 

2.010 in 2 

Pressure tap nos. 
5 and 6 or 17 

a om 

OMS pod base area 

1.362 in 2 

Pressure tap nos. 
1 and 2 


l4 


O 




DATA REDUCTION 

(Concluded) 


Symbol 

Description 

Value 

(model scale) 

Applicable 

Data 

a ET 

ET base area 

4.255 in 2 

Pressure tap nos. 
7 and 8 or 16 

a BC 

ET balance cavity area 

3.990 in 2 

Pressure tap no. 15 

s • 

Reference area 

0.269 ft 2 

Force and moment 
data 

lr 

Reference length 

12.90 in 

Moment data 


Also see discussion in section "CONFIGURATIONS INVESTIGATED” concerning 
the use of external pressure taps 1 6 and 17. 












DATA SET/RUN NUMBER COLLATION SUMMARY 
















TABLE 3. - MODEL COMPONENT DESCRIPTIONS 


MODEL COMPONENT: BODY - B19 

GENERAL DESCRIPTION: Fuselage , Configuration 3> per Rockwell Lines 

VL70-0Q01393. 

NOTE: Identical to except forebody. 

Model Scale = .©to 


DRAWING NUMBER: VL70-0QQ139B 


DIMENSIONS : FULL-SCALE 

Length - in. 1 1290.3 

Mex. Width - in. 267.6 

Max. Depth - in. Zkkil 

Fineness Ratio a. 8217 5 

Area - ft 2 

Max. Cross-Sectional 386.67 

Planforo 

Wetted 

Base 


MODEL SCALE 

12.903 
2.<»7< p 
2.445 

... k *£ 2 m 

0.0 3867 


1 
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TABLE 3, - Continued. 


MODE!. COMPONENT* Canopy - C7 

i • 1 

• • 

GENERAL DESCRIPTION* Configuration 3 per Rockwell Line© VL70-000139 

■ ■ ■ — I— ' — J U. ..I I — - 

Model Scale » . oio 

DRAWING NUMBER VL70-Q00139 

DIMENSION * FULL SCALE MODEL SCALE 

Length (X 0 - 433 to X c » 670) ~ is>. FS 237 2.37 

Mow Width __________ • 

Mm< Depth (Z 0 ■» to Z 0 - $01) - in FS 

Fineness Ratio ‘ ____________ 

Areo 

Mox Cross-Sectional ___________ _____________ 

Plan form __________ __________ 

Wetted • 

Base 
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TABLE 3. - Continued, 


MODEL COMPONENT: F, I AVON - E23 

GENERAL DESCRIPTION: Configuration 3 per W1Q7 Rockwell Lines 

VL70-000139B, data for (l) of (2) 3ide3 


Model Scale = .oio 


DRAWING NUMBER: VL70-0Q0139B 


DIMENSIONS: FULL-SCALE 

Area - FT 2 205,52 

Span (equivalent) - in. 353.34 

Inb'd equivalent chord 114.78 

Outb'd equivalent chord 55.00 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord .208 

At Outb'd equiv. chord .400 

Sweep Back Angles, degrees 

Leading Edge 0,00 

Tailing Edge -10.24 

Hingeline 0.00 


Area Moment (Normal to hinge line)- FT^ 1548.07 
Product of Area Moment 


MODEL SCALE 
0.020i>5 

».i478 

o.sso 


.208 


.400 


0.00 

-10.24 

0.00 

o.oois'fr 
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TABLE 3. - Continued. 


I 


MODEL COMPONENT* F5 Body Flnp | 

* 

GENERAL DESCRIPTION* 3 Co nfiguration per Rockwell Line# VL70-000139 

" ■ , — U — . 


Scale Model ■ ,o\o 

- - - * 


DRAWING NUMBER VL70-000139 

DIMENSION * FULL SCALE MODEL SCALE 


Length - in 
Man Width - in 
Max Depth 
Fineness Ratio 
Areo - Pt^ 

Max Cross-Sectional 

Planform 

Wetted 

Base 


64*70 0.8470 

267.6 2.<eiu> 


1U2.00 


0.011*2 


38*0938 


0.0036 I 


* 


TABLE 3. - Continued, 


MODEL COMPONENT! 0M3 Pod - Mi 1 

GENERAL DESCRIPTION! Configuration 3 per Rockwell Lines VL70-00G13? 


■■ I II ' n il ■ " I ■ I Il f I 

NOTE: M» Identical to M3, except intersection to fuselage . 


■ Boflal Sfiilg 


DRAWING NUMBER . VL7Q-000139 

DIMENSION ! 

Length - IN 
Mon Width - IN 
Max Depth - IN 
Fineness Rotio 
Areo - FT 2 

Max Cross-Sectional 

Planform 

Wetted 

Bose 


FULL SCALE 

346.0 

108.0 
113.0 


MODEL SCALE 

3.4-feO 
I ♦ ago 

1.130 


TABLE 3. - Continued. . 


MOTEL COMPONENT : Attach Structure - AT2 

GENERAL DESCRIPTION: Attach Structure for Orblter-Tank Configuration 3 per 

Rockwell Lines VL7Q-000139B, VL78-000QA1 


MODEL SCALE « 0-010 

DRAWING NO. SS-A00060 

DIMENSIONS: FULL SCALE MOTEL SCALE 


FORWARD ATTACH POINTS 
Orbiter to Tank 

Number of Struts 
Diameter in. 
Location in. 

x o 

X? 


Orbiter to SRB 

Number cf Struts 
Diameter in. 
Location in. 


Tank to SRB 
Number of 
Diameter 
Location 



Struts 

in. 

in. 


Orbiter to Tank 

Number of Struts /Side 
Diameter in. 

Location in. 


Orbiter to SRB 

Number of Struts 
Diameter in. 
Location in. 


1 1 
- JSS tQ ffP. <k.%0 

„ . hm 

XOL S QSl 10.770 


3 3 

15.000 . 

1292.1308.13 08 12.92. 13.08. 13.08 
1859.2063*2061 2P..61, 20.61 


Tank to SRB 

Number of Struts 
Diameter in. 
Location in. 



TABLE 3. - Continued 


MODEL COMPONENT: NOZZ L ES - N 8 

GENERAL DESCRIPTION: Basic QMS nozzle o£ Configuration 2A per Rockwell Lines 

VL7Q-008306 and V L70-9Q0089 "B 11 . Intersection of nonzle exit plane and 

nozzle centerline at X a - 1570.7$, Yp « +99.25, Z 0 ° $07*25 


M)DEL SCALE » .010 


DRAWING NO. VL70-008306, VL70-000089"B", SS-A00092 

DIMENSIONS 

FULL SCALE 

MODEL SCALE 

Mach No. 

Length ~ in. 

Ginbal Point to Exit Plane 


4t* 

Throat to Exit Plane 

♦ 

Diameter ~ in. 
Exit 

jPtffd 

QjJQQ 

Throat 

N/A 

»z* _ 

Inlet 

-28.00 

cutasL 

Area ~ ft ^./Nozzle 
Exit 

13.635 

0.00136 

Throat 

Gimbal Point (station) ~ in. 
X 

1516.0 

15.16 

T 

+88.0 

+0*88 

z 

492.0 . 

4.92 

Null Position ~ deg. 

Pitch 

15 *49* 

15*49* 

Yaw (Outb'd) 

+12*17 ' 

±12*17' 
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TABUS 3. - Continued. • 


MODEL COMPONENT : MPS NOZZLES - H 2L 

GEN ERAL DESCRIPTION: Configuration 3A MPS Nozzles 


MODEL SCALE « .OU> 

DRAWING NO. VL70-0001A0A. VL70-005030A 
DIMENSIONS 

Mach No. . 

Length** In. 

. Global Point to Exit Plane 
Throat to Exit Plane 
Diameter —in. 

Exit 

Throat 

Inlet 

Area— ft^. /Nozzle 
Exit 
Throat 

Global Point (station)— in. 

Upper Nozzle 
X 

Y 
Z 

Lower Nozzles 
X 

Y 
Z 

Null Position —deg. 

Upper Nozzle 
Pitch 
Yaw 

Lower Nozzles 
Pitch 

Yaw (outb'd) 


PULL SCALE MODEL SCAIE 


91.000 0.910 

* 


45.16585 0.00453 



16 » 16 * 
— : — -“ 5 * 


10 * 10 * 

JkSf- 
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TABUS 3. - Continued. 


t 


MODEL COMPONENT: EXTERNAL TANK - TIP 

t 

X* 

GENERAL DESCRIPTION} External Qxyjen Hydrogen Tank, 3 Configuration, 
— JB»g Rockwell Lines VL78-0000A1 and VL72-000088 


Model Scale 88 .QjO 


309) 


DRAWING NUMBER 

* ♦ H 

DIMENSION } 

Length - IN (Nose @ X? 

Max Width (Dia) - IN. 

Mox Depth 
Fineness Ratio 
Area - FT 2 

Max Cross-Sectional 

Planform 

Wetted 

Base 

WP of Tank Centerline (X<j) IN. 


VL72-000088 

VL78-000041 


FULL SCALE 

186$ 

32k 


5.75617 


572.555 


MODEL SCALE 

3,24 

"5.75617 

O. OS 7 24. 


m o 


4.00 
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TABLE 3. - Continued. 


MODEL COMPONENT: RUDDER - R5 • 

GENERAL DESCRIPTION: 2A, 3 and 3A Configuration per Rockwell Lines 

VL70-000095 



Model Scale = „oio 


DRAWING NUMBER: VL70-Q00095 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - FT2 

106.38 

O. oio4>4 

Span (equivalent) - IN. 

201.0 

2.010 

Inb'd equivalent chord 

91.585 

o,9l 5g5- 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

SQ.,833, 

0.5 0 6 33 

At Inb'd equiv. chord 

0.400 

0.400 

At Outb'd equiv. chord 

0.400 

...Q-xitOQ 

Sweep Back Angles, degrees 

♦ 

# 

Leading Edge 

... ,,34-33. . 


Tailing Edge 

2^21- 

. 26,35 

Hingeline 

. . 2L3 3 

■ 34t,33 a 

Area Moment (Normal to hinge line)- FT^ 

5^-13 

0 . 0005*3 


Product of Area and Mean Chord 
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TABLE 3. - Continued 


MODEL COMPONENT : VERTK 
GENERAL DESCRIPTION: 


>*.•!"* •W m WK-. 



TOTAL DATA 
Am (T 


Am (Theo) Ft* 

Pianfora 
Span (Thao) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0*25 El event Line 
Chords: 

Root (Theo) UP 
Tip (Theo) UP 
MAC 

Fus. Sta* cf .25 MAC 
W. P. of .2$ MAC 
B« L. of «2S MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius 
Void Area - Ft* 

Blanketed Am 


FULL-SCALE MODEL SCALE 





O.OAZS* 


3.107 




a.frBSo 


L,WI 


0,07.0 
a no 



TABLE 3. - Concluded. 


MODEL COMPONENT; WINS-Win? 

GENERAL DESCRIPTION : Configuration 3 per Rockwell Lines VL7Q-000139B 

NOTE: Same as W103, except cuff, airfoil and Incidence angle. 


Model Scale — o 


TEST NO. 

DIMENSIONS: 

TOTAL DATA - 

Area imeo.j Ft 4 
Planform 
Span (Theo In* 

Aspect Ratio 
Rate of Taper . 

Taper Ratio 

Dihedral Angle, degrees (© TE of Elevon) 
Incidence Angle, degrees 
Aerodynamic Twist, degrees . 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Theo) B. P.0.0, 

Tip, (Theo) B.P. 

MAC 

- Fus. Sta. of .25 MAC 
. W.P. of .25 MAC 
B.L. of .25 MAC 

•' EXPOSED DATA 9 
Area tTheo) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 

MAC * 

Fus. Sta. of .25 MAC 
W.P, of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b ■ 

7 

n P |. 

Data for (1) of (2) Sides 
Leading Edge Cuff ? 

Planform Ai«a Ft 4, 

Leading Edge Intersects Fus M. L. 0 Sta 
Leading Edge Intersects Wing 9 Sta 
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DWG. NO. VL70-000139B 

FULL-SCALE MODEL SCALE 


2690.00 

jbM;,. , 

2.295. 

UHL 

P,2Pa, 

3.m 

oa. 

— ±3*020. 

—45*022. 

-=12*24- 
25*2Q2. 

-689.24 , 
-137.85,,,, 
MgSL 


O.UefiO 


1136, 89 
-,■299.20. 
—182*13, 

1752.29 

•T20^8~ 

2.6^ 

562.40 

*"137.85 " 

393.03 

— SC 

20 

m3n 


- 2*2 

— 1 * 122 . 

■ 0.200 - 

- 2*502 

- 0*500 

■± 3.000 ,,, 

. 4 5 * 022 — 
-IQ., 24 „ ... 
15 * 222 — . 

>♦ 3765 

. LLAfeaSL 

a.992e 

... L8213L. 
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• 7.204.8 

0.2451 

-StfcrtS- 

Lli £*- 
■ilyfllL. 

3.ttQ20 

MOfe 
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500 

10831— 
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IO.A34 


Positive directions of force cofficients, 
moment coefficients, and angles are 
indicated by arrow 

For clarity, origins of wind and stability 
axes hove been displaced from the center 



Figure 1. - Axis Systems 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 4 EFFECTS OF SOLID PLUMES ON LONGITUDINAL CHARACTERISTICS 





ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 4 EFFECTS OF SOLID PLUMES ON LONGITUDINAL CHARACTERISTICS 

CAJMACH - 5.30 







PITCHING MOMENT COEFFICIENT: CLM 

FI6. 4 EFFECTS OF SOLID PtUNES ON L0N6ITUO1NAL CHARACTERISTICS 

CA3HACH = 5.30 










angle of attack, alpha, oegrees 

RG. 4 EFFECTS OF SOLID PLUMES ON LONGITUDINAL CHARACTERISTICS. 





PITCHING MOMENT COEFFICIENT. CUM s 

FIG. 4 EFFECTS OF SOLID PLUMES ON L0NGITUOINAL CHARACTERISTICS 

CAJMACH = 7.32 







SIDESLIP ANGLE* BETA. DEGREES 

FIG. 5 EFFECTS OF SOLID PLUMES ON LATERAL-DIRECTIONAL CHARACTERISTICS 
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YAWING MOMENT COEFFICIENT. CYN (BODY AXIS) 

FIG. 5 EFFECTS OF SOLID PLUMES ON LATERAL-DIRECT I0NAL CHARACTERISTICS 

(B)MACH * 7 .32 Pi 
















- SIDESLIP ANGLE* SETA# DEGREES 

FIG. 6 EFFECTS flF SOLID PLUMES ON RUDDER EFFECTIVENESS. 

(BJMACH = 7.32 
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SIDESLIP ANGLE. BETA. ^3PEES 

FIG. 6 EFFECTS OF SOLID PLUMES ON RUDDER EFFECT! VE'ESS . 
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SIDESLIP ANGLE* BETA. DEGREES 

FI6. 6 EFFECTS OF SOLID PLUMES ON RUDQER EFFECTIVENESS. 

CB3KACH * 7.32 






SIDESLIP ANGLE. BETA. DEGREES 

FIG. 6 EFFECTS OF SOLID PLUMES ON RUDDER EFFECT I VEKESS . 

CA3MACH = 5.26 
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FIG. 7 EFFECT (JF DIFFERENTIAL ELEV0N OEFLECT10N. 
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angle of attack, alpha, degrees 
fig. 7 EFFECT OF DIFFERENTIAL ELEV0N DEFLECTION. 
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FIG. 3 EFFECT OF ANGLE OF ATTACK ON LATERAL-0 1RECT TONAL CHARACTERISTICS 
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FIG. 9 EFFECT OF ANGLE OF ATTACK ON LATERAL-DIRECTIONAL CHARACTERISTICS. 
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ANGLE OF ATTACK. ALPHA. OEGREES 

FIG. 9 EFFECT 0F ANGLE 0F ATTACK 0N LATERAL-DIRECTIONAL CHARACTERISTICS 

33MACH = 7.32 PAG[ 






ANGLE OF ATTACK# ALPHA. DEGREES 

FIG. 9 EFFECT OF ANGLE OF ATTACK ON LATERAL-DIRECTIONAL CHARACTERISTICS 

C A) MACH = 5.26 PAGi 
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SIDESLIP ANGLE. BETA. DEGREES 

FIG. 10 EFFECT OF RUOOER ON LATERAL-DIRECT I CWAL CHARACTERISTICS 

CA5MACH = 5.26 
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SIDESLIP ANGLE* BETA. DEGREES 

FIG. 10 EFFECT OF I8J00ER ON LATERAL-DIRECTIONAL CHARACTERISTICS 

CB3MACH = 7.32 
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SIDESLIP ANGLE. BETA. DEGREES 

FIG. 10 EFFECT OF RUDDER ON LATERAL-DIRECTIONAL CHARACTERISTICS 

CADMACH = 5.26 
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SI3ESLIP ANGLE. BETA. DEGREES 

FIG. 10 EFFECT OF RUDDER ON LATERAL-DIRECTIONAL CHARACTERISTICS 

C83MACH = 7.32 






FIG. 10 EFFECT 

CAIMACH = 5 . 2 ! 





YAWING MOMENT COEFFICIENT. CYN (BODY AXIS) 

FIG. 10 EFFECT OF RUDDER ON LATERAL-DIRECTIONAL CHARACTERISTICS 

CB)MACH = 7.32 
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APPENDIX 


TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Systems 
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